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FLIGEPII IXVTSTIGATION OF THE TRANSONIC LONGITUDm AWD 

RESEARCE AIRPLANE 

By Jack  Hschel,  Ehclid C. Honeman, 
and Robert A. Tremant 

A fUght investigation was performed t o  determine  the  longitudinal 
and lateral handling qualit ies of the Douglas X-3 research  drplane  in  
the  clean  configuration.  Static and dynamic s tab i l f ty  and control chm- 
ac te r i s t ics  were determined  during trimmed and maneuvering flight a t  a a  
average al t i tude of 30,000 f ee t  and over  a Mach  number range from 0.7 
t o  1.16. A limited longitudinal investigation w a s  also performed a t  Mach 
numbers  up t o  0.9 with wing leading-edge flaps moderately del  lected. 

Longitudinal and lateral control  deflections  required  to t r i m  the 
airplane in  lg flight varied somewhat over the speed  range; however, the 
p i lo t  did not  consider  these  variations  objectionable, and believed  the 
longitudinal trim (speed-stability)  characteristics w e r e  particulazly 
acceptable. The longitudinal darnping characteristtcs fo l la r lng  abrupt 
control  pulses were positive and appeared satisfactory over the en t i re  
epeedrange; however, the l a t e r a l  damping was poor and generaUy 
unsatisfactory. 

Mild pitch-ups were experienced at moderate angles of attack mer 
the  entire speed  range.  Pitch-up  occurred ne= maximum wing l i f t  a t  hhch 
nurdbers  up t o  approximately 0.9, but w e l l  below the higher'  levels of 
maximum wing l i f t  occurring a t  higher speeds. The low-lift static margin 
was about 15 percent  for Mach nunibers below 0.9, and increased  to about 
40 percent at a &ch nmber of about 1.1. The stabilizer  control  effec- 
tiveness w a s  essentially  constant over the speed  range. 

An increase In the  apparent  directional  stability pmarneter d&/dj3 
with  increase i n  Mach nuniber, particularly above a Mach  nuznber of 0.95, 
is directly  attr ibutable  to  the  individual  trends over the Mach number 
range of the direct ional   s tabi l i ty  parameter and the rudder  control % 



effectiveness. parameter C,+, which exhibited  the usual transonic- 
supersonic  variations. The apparent  dihedral  parameter dSa/d@ was 
almost  constant below a Mach  number of 0.9, decreased t o  a value  near 
zero at a Mach  number of 1.0, then  increased t o  about  one-half the sub- 
sonic  value at a h c h  nulziber of 1.09. The effective  dihedral parameter 

had-a minimum value a t  a Mach number of 0.95, with appreciably 
higher values a th ighe r  and lower Mach nunrbers. Both the  tr imed  lateral-  
force parameter Cyp and the  damping-in-roll  parameter C 2 p  had essen- 
t i a l l y  constant  values over the Mach  nuniber range. 

c% 

The aileron and the  rudder  controls  exhibited  typical  transonic 
decreases i n  effectiveness at MEtch nmibers above approximately 0.9; the 
ailerons  exhibited  favorable yawing-moment characteisti-cg,  particular3y 
a t  speeds below a Mach  number of 0.83. 

Despite  decreases i n  the aileron rolling effectiveness parameter 
E/& with increase i n  speed, the  pilot  thought that the  roll ing char- 
2v, 
ac twi s t i c s  w e r e  satixsfactory,  except for the violent roll coupling 
experienced. 

. .  

Essentially similar longitudinal  characteristics were determined 
with wing leading-edge f laps  retracted and deflected. 

IXFRODUCTION 

The Douglas X-3 resemch  airplane was providedfor the National 
Advisory Committee f o r  Aeronautics by the  U. S. Air Force t o  investigate 
the  transonic and supersonic  characteristics of an airplane h a w  a thin, 
straight,  low-aspect-ratio wing with hexagonal sections. The airplane l e  
characterized hy a long  fuselage with a large  ra t io   offrontal   area  to  
wing area. With the two turbojet engines a d  afterburners with which it 
was equipped, the  airplane war3 l imited  to near-sonic  speeds i n  level 
flight, although  supersonic  speeds  could  be  attained by diving. 

Limited stabildty and control  characteristics cwd performance char- 
acter is t ics  of the  airplane determined  during  the  manufacturer's demon- 
s t ra t ion and U. s. Afr Force evaluation flights have been reported in 
references 1 and 2, respectively.  Buffeting  characteristics and wing- 
and tail- lo&  characterist ics determined  during  the  subsequent NACA 
flight t e s t  program have been reported  in  referenced 3 t o  6 .  This paper 
preeenta  the more compleh-longitudinal and lateral handling  qualities 
of the airplane determined during the NACA tests a t  Mach  nunibera above 
approximately 0.7 and at an alt i tude of about 30,000 feet .  LFmited data 
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are a lso  presented for the  lon&tudinal.stability and control  character- 
istics  of  the  airplane d t h  the wing leading-edge  flaps  deflected 6O 
to 1l0, the  true  deflection  varying with flap load. 

Inasmuch  as  the l g  st& chmacteristics  measured  for  several 
leading- and traiUllg-edge-flap  configurations  during MEA tests  are 
essentially similar to the  chmacteristics determined  during  the  demon- 
stration  tests  reported in  reference 1, these data are  not  presented 
herein. 

SYMBOL5 

A l l  coefficients  and  moments  of  inertia  are  referenced to the b d y  

transverse  acceleration, g unite 

normal-load factor or acceleration, g units 

wing span, ft 

airplane  rolling-moment  coefficient 

dC 1 

damping-in-roll  derivative, 2 
d(g)’ per 

variation of rolling-moment  coefficient  with  yawing angular 
velocity factor, - 

variation  of  rolling-moment  coefffcient  with  sideslip  angle, 
per  deg 

variation of rolling-moment coefficient w€th total  aileron 
deflection, per deg 

vaziation  of  rolling-moment  coefficient with rudder  deflec- 
tion, per deg 

drplane pitching-moment  coefficient 

variation of pitching-moment  coefficient with normal-force 
coefficient  (airplane  static margin) 
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variation  of  pitching-moment  coefficient  with  stabillzer 
deflection,  per  deg . -  

dCm dC, pitch-damping  derivative, - + -, per  radian 
a(&) 2v d(E) 2v 

variation  of  pitching-moment  coefficient  with  angle of 
attack,  per  deg 

airplane  normal-force  coefficient, a$/qoS 

slope of airplane  normal-force-coefficient c-wve, per deg 

airplane  yawing-moment  coefficient .. 

variation  of  yawing-moment  coefficient  with  rolling  angular 
velocity  factor,  per..  radian dc, 

dC, dC, 
damping-in-yaw  derivative, - - - , per radian IL 11 

variation  of  yawing-moment  coefficient  with  sideslip  angle, 
per  deg L. 

variation  of  yawing-moment  coefficient  with  total  aileron 
deflection,  per  deg f 

miation of yawing-moment  coefficient  with  rudder  dcflec- 
tion,  per deg 

lateral-Tmce..  coefficient, atW/qoS 

slope of lateral-force-coefficient  curve  per degrec of 
sideslip  angle 

cycles to damp  to me-half amplitude of lateral  oscillatAon 

cycles to damp  to  one-tenth  amplitude of longitudinal 
oscillation 

wing  chord,  in. 

m e a n  aerodynamic chord, ft 
h 
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Fr 

Fr /% 

pi 

P 

P 

aileron control . .. " wheel . force, 1% 

variation of aileron wheel force w i t h  aileron deflection, 
lb/deg 

rudder  pedal  force, lb 

variation of rudder pedal force with rudder deflection, 
lb /de g 

rate of change of rudder  pedal  force with sideslip angle, 
lb /de g 

stabil izer  control column force, Ib 

vwiat ion of stabil izer  control  force wtth s tabi l izer  
def lection,  lb/deg 

r a t e  of change of stabil izer  control  force with normal 
acceleration, lb/g 

acceleration due t o  gravity,  ft/sec 2 . - -  

pressure  altitude, f t  

moment of iner t ia  about X-axis, slug-ft2 

moment of Inertia about Y-axis, slug-ft 2 

-moment of i ne r t i a  about Z-axis, slug-ft 2 
. .  

stabilizer  deflection with respect  to  fuselage  horizontal 
reference line, leading edge of stabilizer up is positive, 
deg 

rate of change of stabil izer  posit ion with normal accelera- 
tion,  deglg 

appment  longitudinal  stability pameter, deg 

free-stream Mach nunher 

p e r i d  of longitudinal  or lateral oscillation,  sec 

r o u n g  . . . angular - - . velocity,  r&ms/sec 
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rolling angular acceleration,  radians/sec2 

free-stream  atatic  pressure,  Ib/sq f t  

wing-tip  hellx angle, radians 

variation of wing-tip  helix angle with total   ai leron  deflec- 
tion,  radians/deg 

t- 

L 

pitching ang~lar veloci ty ,   raana/sec 

pitching angular acceleration, radi-/sec 2 

free-stream d;ynamic pressure, lb/aq f t  

yawing angular velocity,  radians/aec 

y a w i n g  angular acceleration,  redians/sec2 

wing mea, sq f t  

time t o  damp t o  one" amplitude of 1ongLtudinal or   l a te ra l  
oscillation,  sec 

.- . 

time,  sec 

true  airspeed,  ft/sec 

equivalent  stae  velocity,  ft/sec 

airplane w e i g h t  , lb ." 

angle of attack  relative t o  fuselage horizontal reference 
Plane, deg 

rate of change of angle of attack, radians/sec 

angle of sideslip, deg 

rate of change of angle of sideslip,  radians/sec 

tota; afleran deflection, right r o l l  positive, deg 

apparent  effective dihedral parameter . .  

rudder  deflection, deg .. 

appwent  directional  stabil i ty parameter 
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%e wing  leading-edge-flap  deflection,  deg 

&WS 

E 

cp 

stabilizer  control  column  travel,  in. 

angle  between body X-axis  and  principal  X-axis,  positive 
when  body a x i s  is  above  princfpal axis at airplane  nose, 
deg 

angle of bank, deg 

The Douglas X-3 research  airplane is a single-place  straight-wing 
afrplane  powered  by two J34 turbojet  engines  equipped  with  afterburners. 
The  airplane  is  characterized by a long fusehge Kfth an appreciable  ratio 
of frontal  area to wing area. Photographs of the  airplane  are sham in 
figures 1 and 2. A three-vf-ew drawlng is  presented In f fgure 3. Addi- 
tional  airplane  physical  characteristics  are  given in  table I. Figure 4 
shows  the  variation  of  the  moment of inertia  about  the  body axes based 
on the  manufacturer's  estimates  for  weight  conditions  expected in the 
normal flight  range. The law midwing has an aspect  ratio  of 3.1, is 
unswept  at  the  75-percent-chord  line, and is  equipped with both  leading- 
and  trailing-edge  flaps.  The  constant-chord w i n g  leading-edge  flaps  were 
undeflected for most of thia investigation;  however,  limited  tests  were 
performed with a selected  flap  deflection of loo, the  true  deflection 
varying  between 6O and llo, depending on  flap load. The  airfoil  employed 
f o r  the  wing  is a 4.5-percent-thick  modified hexagonal secticm. 

The airplane has an all-movable  horizontal-tail  surface  and  conven- 
tional  flap-type  rudder a d  aileron control  surfaces.  The  aercdynamic 
control  surfaces  are  pawered by  an  irreversible  hydraulic  system  and  have 
variable  artificial  force  gradients.  The  horizontal tail has fixed tabs 
to  alleviate  the  stick  forces  due  to  hinge  moments  if a lqdraulic  system 
failure  should occur. Preloaded  springe  are used in the  control  system 
to  provide a variation  of  control  force with control  deflectLon. A 
dynamic-static  pressure-sensing  unit  changes  the  mechanical  advantage 
between  the  cockpit  controls and the feel springs,  producing  control-force 
Gadients as  shown in figure 5. 

Provision  is also included for varying  stabilizer  control-force 
gradients  provided  by  the  preloaded  springs  independent  of  the  dynamic- 
static  pressure-sensing  unit.  However,  the  automatic  dynamic-static 
pressure-sensing  unit was used throughout  the  present  investigahion to 
govern the  control . . . forces. . . . . . .. Both . . breakout  and  friction  forces  are  prevalent 
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The  following  pertinent  quantities  were  recorded on NACA internal 
recording  instruments  which  were  synchronized by a common  timer: 

Airspeed  and  altitude 
Normal and  transverse  acceleration 
Rolling angular velocity  and  acceleration 
Pitching angular velocity and acceleration 
Yawing angularr velocity and acceleration 
Angle of attack  and  angle of sidesup 
Control  column,  control  wheel,  and  rudder  pedal  positions 
Stabilizer,  aileron,  and  rudder  positions 
Stabilizer,  aileron, and rudder  control  forces 
Leading-  and  trailing-edge-flap  positians 

An NACA  high-speed  pitot-static  tube WIW munt.ed on-the airplane 
nose boom to  measure  the  airspeed end altitude. The airspeed system was 
calibrated in flight and the  accuracy  of  Mach  number  measurement  from  the 
airspeed  calibration  is  estimated  to  be  within S.01. The vanes  used to 
measure  the  angle of attack  and  the  angle of sideslip  were also mounted 
on  the  nose  boom as shown in figures 1 and 2. The values  presented  for 
angle  of  attack  and  angle of sideslip  were  not  corrected  for  the  effects 
of upwash or sidewash,  respectively,  nor  for  the  effects of boom bending 
or angular velocity. The angular velocities  encountered  were not suf-  
ficiently high to change  the  results  appreciably. 

TESTS 

Measurements of .the  longitudinal  and  lateral handling qualfties of 
the X-3 airplane,  both in  the  clean  configuration and with wing leading- 
edge  flaps  deflected,  were  made  at  center-&-gravity  positions  between 
3 percent and -2 percent  of  the . w i n g  mean  aerodynamic  chord. A more 
precise  determination  or  selection of the  center-of-gravity  position WELS 
limited  by  the  existing  instrumentation  (pertinent  to fuel consumption) 
and by  the  configuration of fuel tanke in the  airplane. In general,  the 
data  were  obtained  with  wing  leading-edge  flaps mdeflected  at speeds 
ranging from M F J  0.7 to M F J  1.16 and  at  pressure  altitudes  from 
25,000 to 35,000 feet.  With  wing  leading-edge  flaps  deflected,  tests 
were  limited to M 6 0.9 by  flap  design loads. 

* 

-d 
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Longitudinal and l a t e r a l  trim data were obtained from stal l  
approaches, level-flight speed runs, and dives.  Static  longitudinal 
s tabi l i ty  and control  characteristics were determined during push-down 
wind-up turn maneuvers; s t a t i c  lateral s t a b i l i t y  and control character- 
f s t i c s  were determined from gradually increasing right and left constant- 
heading sideslips;  lateral-control  effectiveness was determined froan 
abrupt  rudder-fixed  aileron r o l l s  a t  various  aileron deflections. Only 
Umited aileron  deflections w e r e  used during  the  later phases of the r o l l  
t e s t  program because of violent  lateral-longitudinal  coupling  encountered 
when large  aileron  deflections were used during the emlier phases 
(ref.  7) . Dynamic longitudinal and lateral s tabi l i ty   character is t ics  
w e r e  determined from stabilizer and rudder pulses,  respectively, initiated 
from l g  level-flight cmditiona. 

REsuIlcs AND DISCUSSION 

Longitudinal StabiUty and Control 

Longitudinal t r i m . -  Figure 6 presents the t r i m  force and s tab i l izer  
variations over the Mach  number range from M = 0.6 t o  1.16, corrected 
to  conditions of l g  flight a t  an altitude of 30,000 f ee t  and f o r  a wing 
loading of n6 pounds per square  foot. The stick-free and stick-fixed 
characteristics exhibit similar trends over the  speed  range  covered and 
appear stable,  except i n  the region between M = 0.9 and 0.97 and above 
M = 1.1 where neutral  t o  slightly  unstable  regions are sham. However, 
the p i lo t  experienced no diff icul ty  with these  neutral to slightly 
unstable  regions,  nor with the sudden increase  in   s tabi l i ty   in   the  region 
between M FJ 0.97 and 1.05, and considered  the t r i m  Characteristics of 
the  airplane quite acceptable,  especially when compared to   o ther   a i r -  
planes  exhibiting  appreciable  unstable t r i m  characterist ics  in the tran- 
sonic region. 

The effects of deflecting  the wing leading-edge f Laps m the t r i m  
characteristics of the airplane were negligible fo r  the comparable  speed 
range  covered. 

Dynamic lo&tudinal s tabi l i ty . -  The dynamic l o n g i t d i n a l   s t a b i l i t y  
characteristics of the  airplane were investigated by ini t ia t ing  s tabi l izer-  
pulse maneuvers from l g  flight conditions,  corresponding t o   t h e  values 
of CE~J sham as a function of Mach rider Fn figure 7. Time his tor ies  
of two typical maneuvers are sham in figure 8. The data of f igure 7 
show tha t  the pulses at the two lawest speeds were obtained i n   t h e  air- 
plane  buffet  region, hence the chazacteristics of the osci l la t ion and 
the airplane s t ab i l i t y  may differ smewhat from those at the  higher  speeds. 
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However, for  a l l  pulse maneuvers  performed;the oscil lations of the air- * 
plane with controls fixed w e r e  well clamped and essentiapy  disappeared 
af-about 2 t a  3 cycles. 

- - 
The characterist ics of the  longitudinal  oscillations  experienced " 

with  the X-3 airplane a r e  presented as a_ function .of Mach  number i n  
figure 9 .  The period P decreases  quite  rapidly from 3.75 seconds at 
M = 0.78 t o  2 seconds a t  M = 0.91, remins  fa i r ly   constant   to  
M = 0.96, then  decreases  slowly t o  about 1.5 seconds a t  M = 1.11. AB 
might be anticipated, the values of P obtained i n  the  buffet  region 
a t  the two lowest  speeds  exhibit markedly different trends from those 
obtained a t  slightly  higher  speeds. The values o f  T decrease 
steadily t o  M = 0.96, then remain fairly constant with further  increase 
i n  speed. From the  .variation  with Mach  number of the  values OF C1ll0, 
it is apparent that the airplane does not s a t i s f y t h e  ayended longitu- 
dinal requirements of reference 8 for  damping t o  +e-tenth  amplitude 
within 1 cycle of the  oscil lation. The pilot  reported the airplane 
exhibited  satisfactory dy-namic characterist ics following abrupt  control 
pulses at a l l  speeds-, and tha-t- the damping was alyays  positive. The 
pilot  also  reported, however, that the airplane  exhibited poor dynamic 
characterist ics  in n o m 1  flying below M = 1.0, a8 discussed In the 
next-  section. 

1/2 

- .. . 

Stat ic   longi tudinal   s tabi l i ty . -  Time his tor ies  of several typical 
accelerated  longitudiml.maneuvers performed at essentially  constant 
Mach numbers w i t h  w i n g  leading-edge flaps  neutral  and deflected are 
presenkd i n  figure 10. These data  are  also  presented  in  the form of 
s tab i l i ty   c ross   p lo ts   in  figure. 11 t o   i l l u s t r a t e  the r e a t i v e  var,ia- 
t ions of the quantities measured, me  variations of a m b e  pitching- 
moment coefficient w i t h  angle of attack shown in  f igure ll were obtained 
by reducing  the flight data by an  analysis similar t o  that employed i n  
reference 9. In general, the mneuvers  performedat M 6 0.9 were over 
a lift range extendip@; . into the. buffet  region and up to   or   near  wing 
maximum lift (CN = 0.6 t o  0.7, ref. 3 ) .  A t  M >, 0.9 the maneuvers w e r e  
performed  over a much larger lift range,  extending as high as CN EJ 1.2. 
In general,  higher  yalues of CN were attained  with wing leadingedge 
flaps  deflected tBn i n  the retracted  condition. 

IL 

.. . " 

3 

The time his tor ies  of figure 10 reveal that the movements  of the 
stabilizer control wheel and the stabil izer  surface are in  phase and 
e h i b i t  an  almost  negligible lag; whereas, both these quantities seem 
t u  lag the changes in  control  force  occurring  during  each manewer. 
These effects result *om control-force  breakout  and  friction  (static 
and valve) which  were noted in the control system (as discussed i n  
DESCRIPTION OF AIRPMNE). In  addition, the data of figure 10 show that 
changes in angle bf attack appear t o  lag appreciably,  then  overshoot 
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t he  corresponding changes i n  I?, and it. These effects are believed 
to   resul t   pr incipal ly  from the airplane and control system dy-mmics and 
from changes in Sta t ic   s tab i l i ty  over the angle-of-attack  range  (dis- 
cussed in   the following paragraph). As a result of these  effects, and 
the i r  effects on p i l o t  control  input,  the maneuvers shown €n figure 10, 
as well as others performed, seem smewhat  oscFLlatory in mture  over 
the lift range. 

Some of these  effects may be observed more clearly  in  the  cross 
plots of figure ll, which show the linear and nonlinear  variations of 
the  s tabi l i ty  measurements. Using the  equation 

to  correct the values of it (shown in   f i g .  11 plotted  against a and 
CN) t o  a condition of 4 = 0, the l o w - l i f t  s t a t i c   s t a b i l i t y  appears 
more linearized, and a decrease i n  the s t a t i c   s t a b i l i t y  a t  higher levels 
of CN and a becomes quite apparent. A t  M 2 1.0 (f igs .  =(a), (b) , 
(a), and ( e ) )  the decrease i n   s t a b i l i t y  was somewhat abrupt and was 
reported as a  pitch-up by the pilot;  however, because of the  proximity 
t o  maximum wing lif't at  M 6 0.9 ( ref .  3)  the  airplane did not pitch 
t o  any great extent, and a t  speeds between M = 0.9 and 1.0 the  pitch 
rate during the pitch-up was generally  quite low (less  than 0.3 
radian/sec) . A t  supersonic  speeds, the decrease i n   s t a b i l i t y  was grad- 
ual, followed by a pitch-up which was characterized by generally low 
pitch  rates.   In  addition, the pitch-up at  the higher  speeds was occa- 
s i o n a l l y   a c c q n i e d  by a roll-off o r  "snap roll," which tended t o  make 
the pitch-up more objectionable t o  the p i lo t .  To indicate  clearly the 
levels of a and CN a t  which the decrease fn longitudfnal stability 
occurred, a ver t ica l   t i ck  is shown fn figure 11 on the plots of it 
(corrected  to 4 = 0) against a and Cn, and plotted  against a. 
The variations with Mach  number of these values of a and CN are  
shown i n  figure E. The value of % for  the decrease i n   s t a b i l i t y  
occurs at  approximately 0.6 f o r  M <, 0.9, increases t o  about 0.85 at  
M = 0.99, then  decreases t o  about 0.6 a t  M = 1.04, and remains  essen- 
t i a l l y  constant t o  M = 1.15, the limit of these  results.  It should  be 
noted ( f ig .  ll) that the values of CN at  which the decrease i n  sta- 
b i l i t y  occurred  correspond t o  the attitudes w h e r e  neut ra l   s ta t ic  s h -  
b i l i t y  was exhibited  for M 6 0.99, whereas at  higher speeds,  neutral 
s tab i l i ty  occurred at  appreciably  higher  angles of attack,  corresponding 
t o  cN = 0.8 t o  0.9. 



The  nonlinear cbacter of  the  stick-force  variation with  acceler- 
ation  is shown in figure ll, thereby  indicating  the  xmneuvering  diffi- 
culties  (previously  discussed)  which  are  thought  to  be  attributable 
mainly to the  friction  an&  breakout  forces in-the control-feel  system. 
The data of  figures 10 and 11 show tl.la-t a decrease  in  stick-free sta- 
bility  generally  preceded.the  decrease in stick-fixed  stability,  and 
at  high  angles  of  attack  stick-free  instability m s  apparent. 

In general,  there are no significant  differences in stability 
characteristics  between  wing leading-edge-f-p-retracted or deflected 
configurations. 

Longitudinal  stability  and  control  effectiveness  parameters. - 
Figure 13 presents  the  variation  with  Mach  number  of  the  stability  and 
control  effectiveness  parameters.  These  quantities  were  determined 
from wind-up  turns (in the  low-lift  region)  and  from  stabilizer  pulses. 
The  static  stability  parameter  Cma was computed using the  period  and 
damping  data of figure 9 in the  expressiqn 

Values  of  the  static  -gin  were  calculated  by  combining  the 

values of and C determined  from  pulse mneuvers. The  control 

effectiysness  parameter was determined from abrupt shbilizer 

pulses  using  the  acceleration  method similar to that  described  in 
reference 10. 

Na 

%t 

Over the speed  range  investigated,  the values,of C determined 

f r o m  wind-up turn and stabilizer-pulse  maneuvers  are in good  agreement 
and  exhibit  the  characteristic  subsonic  rise  and  supersonic  decrease 
vfth  increase Fn Mach nuniber. The  variations  with Wch nuniber of the 
airplane  static  margin C ad-the apparent  static  stability  parame- 

ter  dit/dCN  were  quite  similar  except near M - 0.91, indicating  that 
most  of  the  increase in apparent  stability  with  increase in  Mach  number 
resulted  from an increase in airplane  stabizi-ty. This is  verified by 
the  almost  constant  values  of  the  control  effectiveness  parameter C 

(approximately -0.037 per  deg)  determined over the  speed  range,  except 
for  the  inflection  values  noted  near M 0.91. It will be noted in 
figure 13 that  the  static  margin was approximately 15 percent  for 

N, 

% 

mit 
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5 M 2 0.9 and incr&sed"&ppreciably with M&h n6ber  t o  a 
40 percent at  M f;: 1.1. 

A rather small variation with Mach  nurriber of the st 

value of about 

ick-force param- 
eter  dFs/dan is evident  in  figure 13, where essentially  constant val- 
ues of dl?,/% at  speeds above and below M = 0.95 can  be seen. 
These effects probably resul t  from the compensating effects of the var- 
iations of Fs / i t  (fig. 5 )  and dit/% with increase in Wch n M e r .  
These variations of dFs/da, with Mach number differ appreciably from 
those  previously  presented in  reference 1, fraasmch as the automatic 
pressure-sensing  load-feel unit was used in  the  present  investigation, 
and manual load f e e l  (on ly  a spring arrangement) was used in the refer- 
ence investigation. 

With wing leading-edge flaps deflected,  slightly lower values of 
were obtained a t  M > 0.8, and negligibly lower values of d i t  /dCN 

c% 
and dFs /dan w e r e  obtained a t  all speeds than w i t h  the flaps retracted.. 
However , the  trends shown for  both configurations were similar. The 
effects of f lap deflection on CNcG w e r e  similar t o  those  reported  in 

reference ll. 

Lateral   Stabil i ty and Control 

- Lateral trim.- The m i a t i o n s  with Mach  number of the rudder and 
aileron  positions  required t o  trim the  airplane a t  a sideslip angle of 

* 
Oo are  shown in  f igure 14. Althoughthe  absolute  values of the control 
positions  required  for trim varied t o  some degree f o r  different   f l ights  
performed, the  general  trend shown in  figure 14 represents  an  average 
of actual  variations measured. As Mach number increased t o  1.0, the 
alrplane  required a mll amount of lef% rudder; however, this trend 
reversed a t  M f;: 1.0 s o  that about 1.5O of right  rudder was required 
a t  M f;: 1.16. The amount of right  aileron  position  required  increased 
wfth an  increase in Mach nufber abruptly at  M f;: 0.93. A t  this point 
when left-wing drop became quite apparent and the aileron  effectiveness 
decreased, the amount of right aileron  deflection  required t o  hold wings 
level reached a peak value of about 3O. A t  M >, 0.93 the amount  of 
right  aileron  required  decreased as Mach rider increased, and at  
M FJ 1.16 a s l ight  degree of left  aileron was required. 

Dynamic lateral  stabi1itx.- The dynamic lateral s t ab i l i t y  charac- 
t e r i s t i c s  of the airplane w e r e  investigated by initiating rudder-pulse 
maneuvers from 1 g fl ight conditions. Time histories of t w o  typical 

6 m e u v e r s  are sham in figure 15. A t  a l l  speeds investigated, the 



l a t e ra l   o sc i l l s t ims  were poorly damped and involved  pitching as w e l l  
as yam and rolling motions. The slight  pitching motions probably 
resulted from aerodynamic and engine  gyroscopic  coupling. 

The characterist ics of the lateral oscil lations of the X-3 air- 
plane are presented as- a function of Mach  number and of the r a t i o  of 
bank angle t o  equivalent  side  velocity  in figure 16. Although data 
obtained w e r e  not sufficient t o  define completely the characterist ics 
of the osci l la t ions  in  the two altitude  regions shown and over the  
en t i re  t es t  Mach  number range, the usual decreases in  the  period of 
the lateral oscillation  with  increase in speed or decrease in   a l t i t ude  
are  evident. The effects  of changes - i n  altitude or Mach  number  on the 
values of T appear t o  b.e poor.ly defined, probably because of the 
poor damping. .From a c.mpal?ison :of the f l i gh t  tes t  data an the basis 
of - plotted against - CP with  the Military Specification  for 

dynamic l a t e ra l   s t ab j l i t y   ( r e f .  8 ) ,  it is evident that the  airplane 
provides  unsat'isfactory lateral stability- over essent ia l ly   the  ent i re  
speed  range. Pilot.opinion  generally concurred in this unsatisfactory 
dynamic s t ab i l i t y  rating, although some tolerable  {less  unsatisfactory) 
ratings were given to   several  of the maneuvers performed a t  the higher 
speeds. I " 

1/2 

1 
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Static  lateral.skability.-  Representative  cross-plots of data 
obtained during constant-heading sideslips  plotted agafnat angle of 
sideslip are  pre.sented_.Fn  figure 17. The sqt ter  in .  the eta ret;ults 
from the almost contkazs   .osc i l la t ions  experienced durin@; the  sideslips.  

The results  obtained show that a s l igh t  nose-doyn pitching moment 
was experienced a t  thelower speeds for  the larger angles of s idesl ip  
attained, but a th ighe r  speeds this effect  disappeared. The variations 
w i t h  sideslip  angle of both 6, and 6, generally were reasonably 
l inear at all .speeds,  as was the   varh t ion  of the lateral-force  coeffi- 
cient C y .  An appreciab-le  .breakout pee&- force-,,"*th gttle or- no accom- 
panying variations Ln.. 8 ,  i s  observed for  each typical maneuver i n   f i g -  
ure 17. The pedal  force e m b i t s  a reasonably linea2 variation  with p 
beyond the breakout and fr ic t ion  level .  

" 

Lateral   s tabi l i ty  and control  effectiveness  parameters.- IXta 
obtained during the grevlously discussed sideslip maneuvers are summa- 
rized in figure l-8 as the  variations over the  Mch nvmber range of the 
s t ick- f ree .d i rec t ion1   s tab i l i ty  parameter  dFr/dp, the  apparent d m -  
- M . l  stability paranieter d6r/ dp, the  apparent dihedral parmeter 
d€ia/dp, and the trimmed lateral-force  derivative .% In  general,  the 
values of these  quantities show good agreement for left and right- 
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s idesup  maneuvers. m e  values of dsr/da changed o* sl ight ly  sub- 
sonically,  increasing from a value of about 1 . 3  a t  M = 0.75 t o  a 
value of about 1.5 at M = 0.95, then  increased more rapidly  with 
increase  in Mach  number t o  a value of 2.3 a t  M = 1.09. These changes 
reflect   ei ther  an  increase in directional  stabil i ty,  a decrease i n  rud- 
der effectiveness, o r  a combination of these two effects as Mach nmber 
increases (as will be  discussed  subsequently). The va;riations with 
Mach  number of dFr/dfi essentially  agree  with  the  trends exhibited by 
the  parameter %,/de. Although the apparent  dihedral parametei: i s  
almost constant a t  a value  near 0.9 at speeds below M 0.9, It 
decreases t o  a value of about 0.1 a t  M = 1.0, then  increases t o  about 
50 percent of the  subsonic value at M E  1.09. Over the Mach nmiber 
range investigated, remafned essentially  constant a t  a value of 

about. -0.012 per  degree. 

" . 

cyg 
The variations  with Mach  nuniber of the lateral s t ab i l i t y  parameters 

'npJ C %J C l p J  ' Z p J  and 2 r  are shown in figure 19. The 
fawed curves shown f o r  and C were estimated for the airplane 

by Douglas Aircraft Co. The f l i gh t  data presented were determined from 
rudder-pulse maneuvers  by the  vector-analysis method of reference I 2  
using the  values of and C shown i n  figure 19. Despite some 

scatter in  the   f l igh t  data, fairly  definite  trends are apparent. The 
directional  stabil i ty parameter C exhibits typical  transonic changes, 

increasing from a value of about 0. oOl5 per  degree a t  M = 0.7 t o  an 
apparent peak value of about 0.0038 per  degree a t  M = 1.1. However, 
l i t t l e  change i n  is  indicated in  the range above M FJ 1.0. C m -  

parison of the  values of determined by the usual period-damping 
relationship  including the effects of Czg) with  the values of Cn 

given  herein  for  the vector-&nalysis method  showed  good agreement. 
With increase  in Mach  number, Cnr decreased appreciably t o  a minimum 
value of about -0.9 at M = 0.93, then  increased t o  about -1.6 a t  
M = 1.16. The tes t   points  shown for  C indicate an average  value 
of about -0.38 per radian existed over most of the speed range; however, 
c appeared t o  decrease to a m i n i m u m  value of less than -0.3 per 

radian near M FJ 0.95. The airplane effective d i h e h l  parameter C 

decreased from a value of about -0.0012 per  degree at M = 0.7 t o  a 
minimum value of -0.OOO6 per degree at M = 0.95, followed by an increase 
to a value of -0.0008 per  degree at M > 1.1. This trend was somewhat 
similar t o  that exhibited by the  variations of a a / d p  with Mach  number 

2 r  
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( f ig .  18). 



16 NAGA FM ~37105 

The  control-effectiveness  parameters Cn8,' Czgr,  Czga,  and C 

were determined from abrupt  rudder-pulse maneuvers and  abrupt  rudder- 
fixed  aileron  roll  nraneuvers  by  the accelektion method  discussed  in L 

reference-10. Values  of  these  parameters  at  speeds f'rm M = 0.7 to 
1.16 are  presented in  figure 20. Both  Cn and C2 exhibit  essen- 

tially similar trenh with  increase in speed;  the  rudder  effectiveness 
parameter C remained  constant  at  about -0.002 up to M = 0.95, then 

decreased to blf' this  value  at M = 1.13, whereas C remained at  

approximately 0.00021 up to M i& -l!O, then. de-gwsed to -0, mol3 at 
M = 1.15. The  aileron  .-effectiveness  parameter increased  with 

Mach  number  subsonically  to a peak  value  of 0.0008 at M FJ 0.87, and 
decreased  gradually Mth increase  in  Mach  number  above M FJ 0.98 to 
the minimum measured  value of C - 0.00043 at M = 1.15. However, 

an abrupt  decrease iri aileron  effectiveness  is  indicated in the region 
of M = 0.92, where a value of e.O.00045 was realized. Illhe 

ailerons  provided  appreciable and essentially  constant  favorable values 
of  the yawing-mment parameter C at M < 0.8; these  values  of 

"sa 
* '  

s, 4 

ngr 

2 f h  

cz6a 

26, 

c z s ,  

n8a 
decreased  appreciably  between M = 0.85 and O;%, and  were small, 

though  constant an& favorable,  at M > 0.92. 

The variations  over  the  Mach  number  range of and C d i s  - % CnP 
cussed in  the  preceding  paragraphs  are shown to  account for the  trends ..1 

previously  noted f o r  the  apparent  directional  stability  parameter  %/dB 
(fig. 18). At M FJ 0 . 5 ,  the  slight  increase of aSr/d@ with m c h  num- 
ber is attributable  to  the  increase in directional  stability  Cn , inas- 
much as  C is constant. A T  M > 0.93, the  increases in dS,/"p 

with  Mach  number are attributable  mainly  to  the  decrease  in  control 
effectiveness  Cn8 , since the directional  stability appears to  change 

only slightly in this  speed  range. 

B 
n6r 

r 

Lateral  control.-  The  lateral  control  characteristics of the air- 
plane  were  determined  by  performing,  at  specified  speeds,  abrupt  rudder- 
fixed  aileron r o U s  at various deflections. As a result of the  violent 
lateral-longitudinal  coupling  encountered  during  largedeflection  aileron 
r o l l s  ear ly  in this program  (ref. 7), only small and moderate  aileron 
deflections  were  utilized  during  the  later pbses of the  testing. "pi- 
Cal variations  of the wing-tip  helix  angle  pb/2V  generated during .the 
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rolls are  plotted as a function of aileron  deflection  in figure 21. 
In  general,  the  variation of pb/2V with Sa was observed t o  be lin- 
ear over the test ranges. 

The variation  with Mach  number of the lateral control  effective- 
ness parameter per degree of aileron  deflection Pb is shown i n  

figure 22. meev~llue. of decreased from about 0.00245 at  

M = 0.75 t o  about 0.0015 at  M = 1.13; most of this decrease  occurred 

below M 0.93. It will be  noted that the  va r i a t im  of with 

Mach  number a t  M > 0.88 resenibles the  variation of C over the 

same speed range,  including the inflection  point at  M = 0.93. This 
is  not  unusual,  considering the essentially  constant  values of C 

over the en t i re  speed  range,  except  near M = 0.95. A t  speeds below 
M = 0.88, the variations of C and $&/aa with Mach  nlxmber are 

opposite,  despite  essentially  constant  values of C . However, in  

th i s  speed range, the aileron y a w i n g  moments aze appreciable and prob- 
ably  affect  the peek r o l l  rates obtained and  used in  evaluating  the 

sa 

2P 

' 8 ,  

2P 

parameter 

The pilot  considered the airplane  acceleration Fn r o l l  satisfac- 
tory and the  a iqlane  rol l ing  veloci t ies ,  even at  supersonic  speeds, 
more thm adequate. However,  he did object  vociferously t o  the violent 
motions experienced  during the inertial-roll-couplhg maneuvers encoun- 
tered during several u g e  deflection aileron r o l l s  (ref.  7). 

To i l l u s t r a t e  flight conditions a t  which the airplane might exgeri- 
ence i n e r t i a l   r o l l  coupling, the analytical  method of reference 13, in 
modified form, has been  used t o  calculate the lower resonant  frequencies 
of the X-3 airplane over the  flight  range. When the average r o l l  veloc- 
i t y   i n  3600 r o l l s  exceeds the lower resonant  frequency,  undesirably 
large changes i n  angle of sideslip or angle of  attack might be expected 
(ref. 14).  The approximate flight test envelope  of the X-3 airplane, 
together with l ines  of constant lower resonant  frequency (yaw),  is 
shown in figure 23. Also shown i n  t h i s  figure are the flight conditions 
at which ine r t i a l  coupling was experienced during the flight r o l l  pro- , gram. Large peak r o l l  rates, in excess of the  frequencies shown f o r  
inertial coupling, have been obtained  during the flight t e s t  program; 
however, the average roll frequencies  during 360° r o l l s  or 'the r o l l  



bank angles have been sufficiently low to   aver t   the  coupling  effkcts, 
except as shown i n  figure 23 and refkrence 7. 

c 

CONCLUSIONS 

A fl ight  investigation, performed w i t h  the Dou@;Las X-3 research 
airplane w i t h  wing leading-edge flaps  retracted and deflected, a t  an 
average altitude of about m,OOO feet and mer a Mach  number range 
from 0.7 t o  1.16, indicated the following: 

1. Longitudinal  control  force  and  deflection  required  to trim the 
airplane i n  1 g flight exhibited stable trends over the. speed  range 
covered,  except i n  the region between a Mach  number of 0.9 and 0.97 
and above a Mach  number of approximately 1.1, where neut ra l   to   s l igh t ly  
unstable  trends were apparent. Small deflections of both-the  rudder . 

and aileron, vwying in   both magnitude and direction, were required  to 
trim the  a i rplane  la teral ly  ovek the t e s t  speed range, and a percepti- 
ble  leFt-wing drop was noted at a Mach  number of about 0.93. 

2 .  The longitudinal damping characterist ics of the airplane with 
controls fixed were always posit ive and  appeared satisfactory t o  the 
pi lot ;  however, the lateral damping was generally  rated as Unsatisfac- 
tory and as contributing t o  the oscil latory motions' i n  sideslip. The 
airplane did not satisfy the Military Specification  for  longitudinal 
and lateral damping. " - 

3 .  Reasonably l inear  lift and longitudinal st,ability characteristics 
were exhibited a t  low angles of attack over the ent i re  speed  range; how- 
ever, at mderate  values of l i f t ,  the s t ab i l i t y  decreased and mild 
pitch-ups ensued at.hi&er lirt levels. .At- M m h .  nwb.ers-.up t o  approxf" 
mately 0.9, the  pitch-up  occurred near maximum wing lift, and at higher 
speeds the pitch-up  occurred  well below the increased  transonic-supersonic 
levels of maximum w i n g  lift. 

9 

. . . . . - -. . 

.. " . 

4. The slope of the airplane  normal-force-coefficimt curve C 
Na 

exhibited  the  characteristic  subsonic r ise and supersonic  decrease i n  
value  with  increase i n  Mach number. The apparent s t a t i c   s t a b i l i t y  
parameter dit/dCN was essentially  conatant a t  the lower speeds  and 
increased w i t h  Mach  number a t  a Mach number greater than 0.9. The long- 
itudinal s t a t i c  margin was about 15 percent for Mach numbers 

below 0.9, and increased t o  about 40 percent at a Mach nmiber of about 
1.1; whereas the stabilizer  control  effectiveness par&meter C W3.S 

c"cN - 

mit 
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c essentially  constant over the speed  range tested. The stick-force 
parameter as/&, had two genera- constant  levels at low lift f o r  

-. Mach numbers above and below 0.95. 

5.  Limited longitudinal  stabil i ty and control  characteristics at 
Mach numbers below 0.9 determined  with w i n g  leading-edge flaps moder- 
ately  deflected were essentially similar in level  and trend t o  those 
for  the  clean  airplane. 

6 .  The apparent  directional  stabil i ty parameters d&/dp and 

dFr/dp exhibited essentially simfla,r trends,  increashg i n  value with 
increase  in Mach  number particularly above a Mach  number of  about 0.9. 
The apparent dihedral pazameter was almost constant at a Mach 
number less than 0.9, decreased t o  a value near zero at  a Mach nuniter 
of approximately 1.0, then  increased t o  about 50 percent of the sub- 
sonic  value at  a Mach m e r  of about 1.09. The trimmed lateral-f  orce 
m e t e r  C exhibited  essentially no change with  increase i n  Mach 

number. 
yB 

7. The direct ional   s tabi l i ty  parameter C increased  appreciably 
i n  value  with  increase in  subsonic  speed,  but changed l i t t l e  in the 
range above a Mach  number  of about 1.0, and appeared t o  reach a maximum 
value  near a Mach  number of 1.1. The effective  dlhedral  parameter 
and the damping-in-yaw parameter C had minimum values a t  a bkch 

number of 0.95, with  appreciably  higher  values at lower  and higher Mach 
numbers. Except for a minimu value  realized in the  region near a Mach 

czB 
- nr 

P number  of about 0.95, the damping-in-roll parameter C exhibited an 
2P 

essentially  constant  value over the test Mach m b e r  range. 

8. The rudder  control  effectiveness parameters Cns, and % 
w e r e  essentially  constant f o r  Mach nunibers below about 0.97, then 
decreased appreciably  with  further  increase i n  Mach  number. The aileron 
effectiveness parameter C increased  with EZach nurdber t o  a peak 

value a t  a h c h  number of about 0.88, then  decreased  abruptly t o  about 
55 percent of the peak value at  a Mach  number of about 0.92 and had 
about this same value at  a Mach nmiber of 1.15. The aileron yawing- 
moment parameter C had an appreciable and constant  favorable value 

at  Mach nmibers less  than 0.85, and a slnall constant  favorable  value a t  
Mach  numbers greater than 0.92. 

s, 
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9 .   he value of the  apparent a u e r o n  effectiveness  parameter $ha 
decreased approximately 40 percent a8  Mach number  increased from 0.75 
to l .L3, with most of the  decrease  occurring below a Mach nuniber of 
about 0.93. The pilot  considered the r o U n  acceleration and r o l l i n g  
velocity  satisfactory  over  the  entire  speed  range,  but did not  appreci- 
ate  the  violent  uncontrolled  motions e-erienced during roll coupling. 

High-speed  Flight  Station, . . 

Ik t ions l  Advisory  Committee for Aeronautics," 
Edwards , Calif. , August  16, 1957. 
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TAELE I.- PHYSICAL CHLRACTERBTICS OF THE X-3 AlRPLATlE 

23 

W l n g :  
AFrfoil sectian . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Modified -on 
A F r f o i l  thiclmess  ratio. percent chord . . . . . . . . . . . . . . . . . . . . . . .  4.5 
A h f o i l  leading- and trailing-edge angles. deg . . . . . . . . . . . . . . . . . . .  8.58 
Total area. sq ft . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  166.50 

"I aeroaynamic chord. rt 7.84 
span. ft 22.69 

Root chard. ft . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  U.58 
IMpchord. ft . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4.11 
Taper ra t io  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.39 
Aspect r a t io  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3.09 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

meep at  75-percent-chord l ine.  deg . . . . . . . . . . . . . . . . . . . . . . . . .  0 
Incidence. deg . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 
D i h e d r a l .  deg . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 
(3ecPnetric twist. deg . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 
Aileron: 

. .  

Area rearward of hlnge l ine  (each). sq f t  . . . . . . . . . . . . . . . . . . . . .  4.04 
span at hinge line (each). ft . . . . . . . . . . . . . . . . . . . . . . . . . . .  3.25 

-vel (each). deg . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  f12 
Chord r m d  of hinge line. percent wing chord . . . . . . . . . . . . . . . . .  25 

Leadingedge f h p :  . . 

Type . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Plain 
Area (each). sq ft . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8.38 

Chord. normal t o  m e  Une. i n  . . . . . . . . . . . . . . . . . . . . . . . . . .  11.50 
-vel. deg . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  30 

Type . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Split 

span at hinge line (each). ft . . . . . . . . . . . . . . . . . . . . . . . . . . .  8.916 

Trailing-edge flap: 

A r e a  (each). sq ft . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8.61 spsn. ft . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5.083 
Chord. percent w i n g  chmd . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  25 
Travel. deg . .  :-:- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  50 

Horizontal tail: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
-oil th icheas   ra t io  at root chord. percent chord 8.a 
A i r f o i l  section M o i l f l e d  hexagm 

A i r f o i l  . thickness  ratio outboard station 26. percent chord . . . . . . . . . . . . .  4-50 

Airfoil  trailing-edge angle. deg . . . . . . . . . . . . . . . . . . . . . . . . . .  8-77 

. . . . . . . . . . . . . . . .  
Airfoil  leadingedge -e. . deg . . . . . . . . . . . . . . . . . . . . . . . . . . .  11.96 
T o t a l  area. sq it . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  43.24 

Mean aerodynamic chord. ft 3.34 
span. ft 13.77 

Root chord. ft . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4.475 
Tip chord. ft . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.€14 

Aspect ratio . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4.38 
sweep at Leading @. deg . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  U.14 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Taper ra t io  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.405 

Sueep at trailing edge. deg . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 
Dihedral.- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 
Travel. 1- edge up. deg . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 
Travel. edge dam. deg . . . . . . . . . . . . . . . . . . . . . . . . . . .  17 
Hinge-line location.  percent root chord . . . . . . . . . . . . . . . . . . . . . . .  46.46 
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vertical  tail: 
. . . . .  Airfoil  section . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Modified  hexagm 

A i r f a i l  thickness mtio,  percent chord . . . . . . . . . . . . . . . . . . . . . . .  4.a 
Airfoil  leading- and trailing-  angles, deg . . . . . . . . . . . . . . . . . . . .  8.58 
~ r e a , s q f t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  23.73 
span, f% . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5.59 
Wean aerodynamic  chord, ft- . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4.69 
 ROO^ chord, ft . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6.508 

Taper ra t io  Yr-" T -.I 0.- 
Aspect ra t io  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Sveep at  leading edge, deg . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Sweep a t  tmiling edge, deg . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9.39 
Rudder : 

. . .  . . . . .  Tip chord, ft 1.9 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .... . - - 

.... .. .......... 1- -.I. . " " " ...".. ..I 
... ....... - ....... " . . . .  . "?$- 

kea, rearvard of hinge line, sq ft . . . . . . . . . . . . . . . . . . . . . . . . .  5.441- 
!Pip chord, ft . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.097 

S m  a t  hinge line, f't . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Root chord, f t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  '2% 
Travel, deg . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  f20 

Fuselage: 
. Langth including boom, fb' . . . . . . . . . . . . . . . . . . .  + . . . . . . . . . .  66.75 

Maximum width, f t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6.08 
MBximum helght, ft . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 . a  
Base area, sq ft . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7.94 

.... 

Power plant: 
Engines  . . . . . . . . . . . . . . . . . . . .  Two Westinghouee J3h-We-17 with  afterburners 

Rating. each  engine: v 
s t a t i c  sea-me1 msximum thrust. I.& . . . . . . . . . . .  .. . . . . . . . . . . . . . . . . . .  4. 8F 
Static  sea-level mU.iWcy thrust. l b  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3. 370. . . . . . . . .  

" - . " .. 

Airplane weight. lb: * 
~ i c  (dthout  fuel.  oil.  water. pilot)  . . . . . . . . . . . . . . . . . . . . . . .  1.6. 120 
%tal (f~ll fuel. 011. vater. no pi lot)  . . . . . . . . . . . . . . . . . . . . . . .  21. 900 

Center-of-@TbVity la oat^, percent mean 8WdyIBXdC chord: 
Basic weight . gear doxn . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.63 
Total weight . gear davn . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4.59 

.. 
. .  

Total weight - gear up . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3;91 

Inclination of principal axis (below body &a at nose  of airplane) , deg . . . . . . .  3 



t '  



I 

I I . . "  
1 : :  

, 

, . I  . ' 

ii 

. '. 

Figure 2.- Overhead v i e w  of Douglas X-3 research airplane. E-lw 
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Figure 4.- Vmiation with airplane weight of the moment of inertia about 
the body axes (based on manufacturer 9 estimates). 
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Figure 5.- Synthetic control-force  chracteristics o f  the Douglas X-3 ai rp lane obtained during 
ground t e s t s .  
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(b) Iateral load-feel characteristics. 

Figure 5.- Continued. 



NACA RM ~57105 __y 

Pull  120 

100 

80 

60 

40 

Fs, I b  

20 

0 

20 

40 

60 

Push  801 

90 =406 Ib/sq f t  - I 

-8 -12 -16 

(c) Typical variations of longitudinal control force with stabilizer 
position. 

Figure 5.- Concluded. 
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Figure 6.- Variation with Mach nuniber of longitudinal trim chmacter- 
ist ics for l g  flight. A l l  data corrected t o  flight at 
$ = 30,000 fee t  for W/S = U 6  lb/sq ft. Douglas X-3 research 
airplane. 
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ELgure 7.- Variation of normal-force  coefficient with Mach nmiber f o r  
the l g  flight conditione  at which langltudinal pulses were performed. 
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Figure 8.- Time hietoriee of abrupt stabilizer-pulse maneuvers. 
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Figure 9;- Chmacterietics of the longitudinal oscillatione follaKing 
abrupt stabildzer pulses as a function of &ch nuoiber. 
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(b) hp - 33,500 feet; kse = Oo. 

Flgure 10. - Continued. 
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( c )  hp - 28,000 feet; ele = Oo. 

Figure 10.- Continued. 
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Figure 10. - Continued. 
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Figure 11.- Static  longitudinal stability chazacterietfcs of the Douglas 
X-3 research  airplane i n  accelerated flight. 
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Figure  12.- Variation w-ith Mach nulziber of normal-force  coefficient am3 

angle of attack for the decw in stick-fixed longitudinal etability 
- of the Douglas X-3 research airplane. 
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FYgure 13.- Stabi l i ty  and control effectiveness pametera as a function 
of Mach number. 
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Figure 14.- Variatian with Mach nuniber of the rudder and aileron 
positions  required  to t r i m  the airplane tn I g flight a t  
hp = 30,OOO feet .  
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Figure 15.- Time histariee of abrupt  rudder-pulse maneuvera. 
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Figure 15.- Concluded. 
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Flgure 16.- Characteristics of the lateral oscillations following abrupt c 

rudder pulse8 as a function of Mach number and v 
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Figure 17.- Variation of control forces,  control positions, a d  side- 
force coefficient w i t h  sideslip angle during constant-heading 
sideslips of the Douglas X-3 research airplane. 
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Figure 17.- Continued. 
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Figure 18.- Stat ic  lateral s t ab i l i t y  and control  effectiveness parametere 
RS a function of Mach nuniber determined durFng constant-heading 
sidesups. 
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Hgure 19.- Lateral. stability parameters ae a function of Mach number determined from 
oecillatlons foUoving abrupt rudder-pulse maneuvere. 
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Figure 20.- Aileron and rudder control effectivenees parameters as a 
function of W h  nuniber. 
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Mgure 21.- Representative variations of wing-tip helix angle as 8 

function of aileron deflection. 
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Flgure 22.- Vartatian of apparent aileron effectiveness parameter per 
&epee of aileron deflection as a function of Mach n-r. 
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Figure 23.- Approximate flight test 'envelop o f  t h e  X-3 research air- 
p h e ,  sharing lines of coastant lower resoaant  frequency (yaw) ~ l a a  
condltians a t  which inertial coupling w a s  experienced in flight. 
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